We will show that the abelian topological mass mechanism in four dimensions, described by the Cremmer-Sherk action, can be obtained from dimensional reduction in five dimensions. The gauge invariant action in five dimensions is those from which the dual equivalence between a massless vector field and a massless second-rank antisymmetric field in five dimensions is established. The dimensional reduction is performed keeping only one massive mode. 1
Several alternatives of the Higgs Mechanism, based on the coupling of vector fields with antisymmetric fields through topological terms, have been developed in the last years. In particular, the abelian Cremmer-Sherk theory [1] has been studied extensively [2] as the prototype of this proposal. Its non-abelian extension is a Freedman-Townsend theory [3] that can be derived using the self-interaction mechanism [4] . Also, another attempts to search a non-abelian generalization have been formulated [5] , however, serious problems with renormalizability in all these non-abelian generalizations has been pointed out in the reference [6] . An interesting aspect is the fact that the Cremmer-Sherk theory is related by duality [7] , [4] with the Kalb-Ramond theory [8] , where this latter can be obtained by dimensional reduction of the second-rank antisymmetric theory in five dimensions keeping only one massive mode [9] , [10] . It is worth recalling that the Kalb-Ramond theory provides mass in a non-topological way. In this letter, we will show that it is possible to obtain the Cremmer-Sherk theory in four dimensions by dimensional reduction of a gauge theory in five dimensions, despite Barcelos-Neto has claimed that the Cremmer-Sherk theory can not come from dimensional reduction of any gauge theory in five dimensions [10] .
Let us describe briefly the dual equivalence between the Cremmer-Sherk and Kalb-Ramond theories in four dimensions. The Cremmer-Sherk action is written downs as
where F mn ≡ ∂ m A n −∂ n A m and H mnp ≡ ∂ m B np +∂ n B pm +∂ p B mn are the field strengths associated with the A m and B mn fields. This action is invariant under gauge transformations: δA m = ∂ m λ and δB mn = ∂ m ζ n − ∂ n ζ m . We observe, that this action has global symmetries, for instance: A m → A m +ǫ m , with ǫ m the global parameter. An useful way to obtain the dual theory rely on gauging this local symmetry [11] by introducing an antisymmetric field a mn , such that the field strenght F mn is modified by
(a mn − a nm ) and adding a BF term, which assures the non-propagation of a mn . Then, we have the following action
and we now have new gauge symmmetries, given by: δA m = ǫ m(x) , δa m = ∂ m α and δa mn = ∂ m ǫ n − ∂ n ǫ m , which allow us fix the gauge A m = 0. After fixing this gauge, the action becomes
Integrating out the field a mn (= − 1 2 ǫ mnpq [µB pq − (∂ p a q − ∂ q a p )], the Kalb-Ramond action is recovered:
This action is invariant under gauge transformations given by: δB mn = ∂ m ζ n − ∂ n ζ m and δA m = ∂ m α − µζ m . Having seen that in four dimensions the Cremmer-Sherk and Kalb-Ramond theories are equivalent by duality and that the Kalb-Ramond can be obtained from dimensional reduction of a 2form in five dimensions, it must be possible to obtain the Cremmer-Sherk from dimensional reduction of some gauge theory in five dimensions.
Since the dual of a 2-form in five dimensions is a 1-form, we will consider the following master action in five dimensions (the indices M, N run over 0, 1, ...4) 
whose solution in five dimensions can be written(locally) as
Substituting this expression for V M N into eq. (5), we obtain the action for the second-rank antisymmetric field I B = − 1 12 H M N P H M N P . In general, for D > 2 dimensions, the solution of the eq. (6) is
and going back into eq. (5), the usual duality between 1 and 0-forms in three dimensions, 1 and 1-forms in four dimensions and so on, is achieved. Now, we are going to perform the dimensional reduction for the action (5), compactifying around a small circle in the coordinate x 4 , so that ∂ 4 = iµ and keeping only one massive mode. The following reduced action to four dimensions is obtained
where we have defined V m = iV m4 , φ = iA 4 and F mn = V mn . From this reduced action, we can eliminate the F mn and φ fields through its equations of motion:
and we have the following solution for V m
Putting this back into the reduced action, the Cremer-Sherk action is obtained. Furthermore, the field equation after varying the A m field is
which combined with the eq. (11), lead us to following solution for V mn
Then, we can eliminate the φ and A m fields from the reduced action, in order to recover the Kalb-Ramond action. Summarizing, we have shown that the Cremmer-Sherk action, which provide mass for vector fields compatible with gauge symmetry, as well as the Kalb-Ramond action, can be obtained from dimensional reduction of a gauge theory, which reflect the dual equivalence between the Maxwell field and the second-rank antisymmetric field in five dimensions.
